The cellular slime mold Dictyostelium discoideum expresses three genes (sodA, sodB and sodC) encoding the extracellular Cu/Zn superoxide dismutases. Following H 2 O 2 treatment, the expression of sodA and sodB increased while that of sodC decreased. The sodC null strain formed multinucleate cells in a shaking culture. These results suggest that sodC plays a unique role in Dictyostelium discoideum.
The reactive oxygen species such as singlet oxygen, superoxide anion, hydrogen peroxide and hydroxyl radical exert their damaging effects on a cell by reacting with cellular macromolecules. Extracellular Cu/Zn superoxide dismutases (EC-SODs) are components of the antioxidant defense system that protect cells from the toxic effects of reactive oxygen intermediates by converting superoxide radicals into hydrogen peroxide and oxygen. These enzymes are ubiquitous among prokaryotes and eukaryotes. Escherichia coli secretes EC-SOD into the periplasmic region. 1) Overexpression of the enzyme in E. coli effectively protected the bacterial cells from macrophage killing, suggesting that the enzyme may reduce the oxyradical damage and therefore be important in virulence.
2) In mammalian, large amounts of reactive oxygen species produced by leukocytes are beneficial to the host defense but have detrimental effects on the cells and extracellular matrix. EC-SOD protects them from the reactive oxygen species. Human EC-SOD (SOD3), which is a heparin-binding multimer composed of disulfide-linked dimers, 3, 4) is the primary extracellular antioxidant enzyme and is highly expressed in the lung, 5, 6) blood vessels and airways. [7] [8] [9] We screened EC-SOD homologs in the cellular slime mold Dictyostelium discoideum, a well characterized model system for cell-and developmental biology. 10) Two genes for ECSODs, sodA 11) and sodB, 12) have been identified in the organism. No sodA null or sodB null has been established, suggesting that these genes are essential for D. discoideum. A gene encoding EC-SOD homolog was recently identified and designated sodC. We show here the sequence of the sodC and the phenotype of the sodC null mutant. 6 cells/ml) were exposed to 0.5 mM H 2 O 2 for 1 h and harvested to extract total RNA. Changes of gene expression after the treatment were analyzed by reverse transcription-polymerase chain reaction (RT-PCR).
MATERIALS AND METHODS

Culture Conditions
RT-PCR Analysis The expression kinetics of sodA, sodB and sodC were examined by RT-PCR using specific primers. The nucleotide sequences of the primers for sodA and sodB were described earlier.
12) The primers for sodC were 5Ј-CAAGCAAATGGTGGTAATGTTGAAGCAC (K506-3) and 5Ј-TACCTTCAATGTAATCACCTTTGGTG-ATGG (K506-4). The reactions were in accordance with the manufacturer's instruction of One Step RNA PCR Kit (Takara Shuzo, Kyoto, Japan). Reaction products were amplified 17 to 25 cycles after reverse transcription and the signal intensities were analyzed.
Gene Disruption The genomic DNA fragment including the coding region was recovered from D. discoideum genome by PCR using KOD polymerase (Toyobo, Osaka, Japan). The primers used were 5Ј-GATTTCAGTTATTTCCATTGCA-AAAGCCG (K506-1) and 5Ј-TGGAATAACAGTTGATGA-TGAACCTGGTTC (K506-2). The reaction was carried out according to the manufacturer's instruction. A blasticidin S resistance gene (BSR) cassette was inserted into the ClaI site in sodC. The gene disruption construct was introduced into D. discoideum Ax2 cells by electroporation according to the procedures described.
13) The homologous recombinants were selected in 10 ml HL5 medium containing 5 mg/l blasticidin S.
RESULTS AND DISCUSSION
Sequence Analysis of D. discoideum sodC The sodC was identified in the Genomic Information for Dictyostelium discoideum. The open reading frame (ORF) was determined by comparing the nucleotide sequences between the genomic DNA and cDNA. The ORF is interrupted by a single intron flanking the consensus splice acceptor and donor sites (Fig.  1A) . The gene product (SodC) contains charged amino acid residue and a hydrophobic stretch in the N-terminal region that are thought to be components of the signal sequence. The amino acid sequence of SodC was compared with that of Cu/Zn SODs (Fig. 1B) , and the alignment showed high similarity between the enzymes.
Responses of Sod Genes to H 2 O 2 Treatment
We analyzed the changes of gene expression in cells treated with 0.5 mM H 2 O 2 for 1 h since the condition was sublethal for D. SodA, SodB and SodD were published in previous reports. 12, 14) Residues conserved in at least seven species are typed in white letters.
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discoideum.
11) It is difficult to distinguish the sod transcripts by Northern blot because of their sequence similarity. Thus, the expression levels of the genes were estimated by RT-PCR. RT-PCR products were separated by gel electrophoresis to analyze the signal intensities (Fig. 2) . The expression levels of sodA and sodB increased (3-fold) following the treatment reported earlier, 12) whereas that of sodC decreased (0.5-fold). Such distinct kinetics of the expression pattern suggests that sodC gene product plays a unique role in D. discoideum.
Disruption of sodC Gene The construct for sodC disruption was introduced into D. discoideum cells as described in Materials and Methods. The homologous recombination was confirmed by PCR and RT-PCR. The primers were designed to amplify the 0.32 kb-fragment. Genomic DNA samples were prepared from the wild-type and transformant to use as templates in PCR analysis. Comparison of the sizes of the PCR products indicated that the 1.35 kb-DNA fragment was inserted into sodC gene in the transformant (Fig. 3A) . Total RNA samples extracted from the strains were used as templates in RT-PCR. The reaction product was detected only when the RNA extracted from the wild-type was used in the reaction, indicating that the transformant did not express sodC mRNA (Fig. 3B) . We concluded from these results that the sodC null strain was established.
No increase in sensitivity to H 2 O 2 was observed in the null strain, suggesting that the gene product would not function as the defense against the agent (data not shown).
Since large cells were observed when the null strain was cultured in a shaking condition, the cell size was compared between the culture conditions. The diameter of the cells recovered from dish cultures and shaking cultures was measured under a microscope. In the dish cultures, no significant difference was observed in the cell size between the strains. But the size of the null cells was larger than that of the wildtype in the shaking condition (Fig. 3C) . DAPI staining revealed that the large cells contained multiple nuclei (Fig.  3D) .
We established two independent null clones. Since they showed the same phenotype, the loss of sodC is concluded to be responsible for the multinucleation. Our observation suggests that SodC regulates the cell division. Further analysis is in progress.
